http://www.cytojournal.com/content/15/1/4 However, whenever malignancy was identified in pathology reports, it was difficult to determine whether the carcinoma was the targeted nodule which had FNA or was just an incidental finding. That is because of the lack of documentation of the radiologic findings and targeted nodules at the time of ultrasound-guided FNAs.
RESULTS
A total of 632 patients underwent 681 FNAs during the study period. The incidence of each Bethesda category is summarized in Table 2 . Briefly, 69 (10.1%) were Category I/Bethesda I (nondiagnostic), 469 (68.8%) were Category II/Bethesda II (benign), 85 (12.4%) were Category III/Bethesda III (AUS), 20 (2.9%) were Category IV/Bethesda IV (SFN, 18 (2.6%) were Category V/Bethesda V (suspicious for malignancy), and 28 (4.1%) were Category VI/Bethesda VI (malignant).
Of the 681 thyroid nodules from 632 patients which underwent FNAC, surgery was done for 126 (18.5%) nodules for 119 patients, all of whom had histopathology available for review. This comprised 16/69 (23.1%) Category I cases, 60/469 (12.7%) Category II cases, 25/85 (29.4%) Category III cases, 9/20 (45%) Category IV cases, 11/18 (61.1%) Category V cases, and 12/28 (42.8%) Category VI cases. The final histopathological diagnoses of cases in each category are summarized in Table 3 .
Of the 126 nodules with histopathology follow-up, carcinoma was identified in 35 cases yielding an overall rate of malignancy of 27.8% (35/126 nodules and 34/119 patients). There were 15 Bethesda I nodules (nondiagnosis) with follow-up histopathology. Of these, malignancy was found in only one case, which was a papillary thyroid microcarcinoma (6.67%, 1/15). The rest were all benign thyroid lesions including one Hurthle cell neoplasm and one follicular adenoma.
Of the 60 nodules diagnosed as Bethesda II (benign) on preoperative FNAC, nine nodules found to be malignant, significance (AUS)/follicular lesion of undetermined significance (FLUS), follicular neoplasm/suspicious for follicular neoplasm (SFN), suspicious for malignancy, and malignant. [3] Each diagnostic category is linked to a certain risk of malignancy and recommended clinical management that are summarized in Table 1 . This is the first study to be published on the implementation of the TBSRTC in Bahrain and its diagnostic correlation with histopathology diagnosis. We have also compared our experience in using TBSRTC to other countries in the Middle East and worldwide.
MATERIALS AND METHODS
From January 2013, the Department of Pathology in Salmaniya Medical Complex, Ministry of Health in Bahrain, has reported all thyroid FNAs using the Bethesda system and followed the guidelines in the diagnostic manual "The Bethesda System for Reporting Thyroid Cytopathology " This pathology department receives around 150 cases of thyroid FNAs per year referred from specialist endocrinologists and general surgeons. Most of the FNAs were performed under ultrasound guidance by a consultant radiologist, usually with on-site adequacy assessment. Smears made were both fixed in alcohol and stained by Papanicolaou stain or air dried and stained with Giemsa stain. Rapid assessment of adequacy was done by Diff-Quick staining. All slides were interpreted by one of five qualified cytopathologists.
The cytopathology files were searched for all thyroid FNAs performed between 1 January 2013 and 31 December 2016. Having identified all patients who underwent thyroid FNAs during this period, histopathological and clinical follow-up was obtained from all available resources. These include medical records and the surgical pathology files. We did not review FNA cases again, but we relied on the original interpretation given by the five different cytopathologists that were working in Salmaniya Medical Complex in the period studied. All of our cytopathologists were aware of TBSRTC, and adhered to its criteria and terminologies. In addition, whenever difficult cases were encountered, a second opinion from expert colleagues was sought. yielding a malignancy rate of 15% (9/60) for those undergoing surgery, which represented around 2% of the total number of Category II nodules.
Of the 85 nodules diagnosed as Bethesda III (AUS/ FLUS), 25 were followed up with surgery and malignancy identified in 7 cases (all were papillary thyroid carcinomas) with an estimated risk of malignancy of 28%.
There were 20 Bethesda IV nodules (Follicular neoplasm/SFN), with follow-up histopathology available in 9 cases and malignancy identified in 2 cases only (22% of those undergoing surgery, and 10% of the entire cohort), one of which turn out to be a poorly differentiated carcinoma. Of the remaining cases, there were one Hurthle cell neoplasm, two follicular adenomas, and four adenomatoid nodules in multinodular goiter.
There were 18 Bethesda V nodules (suspicious for malignancy), of which 11 underwent surgery and 8 (72.7%) were confirmed to be carcinoma, all are papillary carcinomas including three cases with follicular variant papillary carcinomas.
There were 28 Bethesda VI nodules (malignant), of which 12 underwent surgery and all (100%) were confirmed to be carcinoma, all papillary carcinomas including one case of follicular variant papillary carcinoma. Most of these classification schemes are 5-tiered in contrast to the 6-tiered scheme in the Bethesda system. Nevertheless, none of these schemes have been implemented internationally. [7, 8] The differences in terminologies used in these schemes are summarized in Table 4 .
Based on the available scientific literature, a tiered diagnostic classification system, such as TBSRTC or even the other schemes, proved to be an excellent tool for the diagnosis and management of thyroid lesions. The main advantage of TBSRTC is the standardization of the terminologies used for reporting thyroid cytology. The 6 diagnostic categories of TBSRTC were established from the probability of showing evidence of malignancy if a thyroid lesion placed into a specific category. The advantage of this approach is that each of these diagnostic categories is associated with a sequentially increasing implied risk of malignancy that converts into a recommendation for clinical and surgical management. In contrast, the other systems do not clearly specify a risk of malignancy for each category, although their diagnostic categories are related to a management algorithm. [8, 9] In Bahrain, pathologists were using the currently used system in the United Kingdom, which was Thyroid Association. The Royal College of Pathologists system uses the Thy1-5 originally suggested categories but with expanded specifications for each category. [7, 8] Unfortunately, it was difficult to compile data before 2013 to compare our experience with TBSRTC to the British system.
While it is easy to diagnose most benign and straightforward malignant lesions, diagnostic challenges arise when aspirates are quantitatively or qualitatively inadequate to exclude a neoplastic process. Similar to TBSRTC, all other reporting systems also provide categories for nondiagnostic cytology samples, benign lesions, and malignant lesions. However, they differ in terminologies used in reporting borderline lesions. TBSRTC uses two distinct categories for borderline lesions: "AUS/FLUS" and "follicular neoplasm or SFN", while the British system uses a single ThyIII category for all the borderline cases but with using "ThyIIIa" for possible neoplasm with atypia and "ThyIIIf" for possible neoplasm suggesting follicular neoplasm. [9, 10] The new category of AUS/FLUS in TBSRTC includes a subset of lesions not easily classified as benign, suspicious or malignant, while SFN category is reserved for specimens suspicious of follicular carcinoma. Based on TBSRTC and supported by many studies, AUS/FLUS cases are found to have a lower malignancy risk on surgical follow-up than patients with an initial diagnosis of SFN on cytology, highlighting the importance of such distinction. In addition, they differ in the clinical management, where patients with AUS/FLUS should be followed up with repeated FNA or observation, and patients with SFN should undergo at least thyroid lobectomy to determine the type of the follicular lesion and rule out follicular carcinoma. [7, 9] On the other hand, the Italian system uses TIR 3 for follicular proliferation (Indeterminate low risk) and TIR 4 for suspicious of malignancy (Indeterminate high risk). Bongiovanni et al. have compared between the 6-tiered Bethesda system and the 5-tiered Italian system and concluded that both systems show similar negative predictive values for the benign categories (Category II in TBSRTC and TIR 2) and positive predictive values for both the follicular neoplasm categories (Category IV and TIR 3) and the malignant categories (Category VI and TIR 5). The most significant difference between the 5-tiered and 6-tiered systems was the decrease in percentage of cases classified as benign (83.9% vs. 55.4%), mainly due to the introduction of AUS/FLUS category. It is clear that cases of AUS/FLUS were downgraded in the 5-tiered systems to the benign category resulting in fewer patients referred for surgery compared to the 6-tiered one (9.1% vs. 36.5%). [8] Kiernan et al. reported also an increase in the number of preoperative thyroid FNACs after the adoption of TBSRTC and an increase in patients undergoing thyroid surgery for indeterminate FNAC results. In conclusion, the 6-tiered system (TBSRTC) appears to be associated with more aggressive surgical management approach compared to the other systems. [11, 12] The frequency of diagnosis of each Bethesda category reported in our institution is within the ranges reported in other cohorts, even the high frequency of diagnosis of Bethesda Category III (AUS/FLUS). [13] The higher percentage of this category may reflect our pathologists' carefulness in avoiding both false positive and false negative results. According to TBSRTC, the incidence of Category III diagnosis should be <7%, while in our study it is around 12%. This diagnostic category in TBSRTC is usually reserved for specimens that meet one of the following criteria: prominent population of microfollicles in an aspirate that does not fulfill the criteria for "follicular neoplasm/SFN," predominance of Hurthle cells in a sparsely cellular aspirate with scant colloid, interpretation of follicular cell atypia hindered by sample preparation artifacts, a moderately or markedly cellular sample composed of virtually exclusive population of Hurthle cells in the clinical setting suggestive of lymphocytic (Hashimoto) thyroiditis [ Figure 1 ] and multinodular goiter, focal features suggestive of papillary carcinoma, atypical cyst lining cells, minor population of follicular cells showing nuclear enlargement with prominent nucleoli, or atypical lymphoid infiltrate. [12, 14] However, AUS/FLUS is a heterogeneous subjective category and will continue to show wide interobserver variability. According to the management guidelines for Bethesda Category III nodules, repeat biopsy after 3 months should be done. In our study, interestingly, repeated FNA had been done in 7 cases only out of 85 cases, while surgical resection was done in 25 cases. The low number of follow-up FNAs and high number of surgical management for AUS/FLUS cases, most likely reflects treatment decisions and preferences by both clinicians and patients in our hospital and community.
The Bethesda system assigns a risk of malignancy for each category. In comparison to the TBSRTC, the frequency of malignancy in our study was comparable for Category I (6.7% compared to 1%-4%), slightly higher in both Category II (15% compared to 0%-3%) and Category III (28% compared to 5%-15%), and close to TBSRTC in Category IV (22.2% compared to 15%-30%), Category V (72.8% compared to 60%-75%, and Category VI (100% compared to 97%-99%). The high risk of malignancy (15%) noticed in Category II (benign) which should not exceed 3% needs further evaluation including both radiological and pathological correlation to exclude cases with incidental malignancy. The same fact has been emphasized on by the 2015 American Thyroid Association Management Guidelines, which reported 1%-10% risk of malignancy associated with benign cytological category. [15] Regarding Category III, although the incidence of malignancy is slightly high, it is still within the range reported in the literature which is 6%-50%. [12, 13, 16, 17] A comparison between the percentage of cases in each Bethesda system category and the risk of malignancy in each category was done between our study and studies from the Middle East and worldwide, and it is summarized in Table 5 . The comparison shows variable results in both the distribution of cases and the associated risk of malignancy with each category. Many factors played a role in such variability including the institutions' experience in using TBSRTC, the cohort size, and the number of cases followed by surgery in addition to other causes such as sampling errors, particularly for cystic lesions and thyroid glands with multiple nodules, or technical reasons, including slide preparation, number of FNA passes, and use of image-guided methods. In addition, there is an overlap of cytological features between benign and malignant nodules such as the nuclear grooves and even the nuclear pseudoinclusions which are not necessarily pathognomonic of papillary thyroid carcinoma. [9, 10] However, all studies have shown consistent results in term of percentage of cases suspicious of malignancy and malignant cases, and same risks of malignancy in both categories.
With regard to the distribution of cases, we noticed that studies with large cohorts have shown higher percentage of Category I cases (inadequate/nondiagnostic) compared to small cohorts, but it was within the ranges expected by TBSRTC. [1, 3, 9, 13] Moreover, studies that used the same number of cases with follow-up histopathology to study the distribution of the Bethesda system categories have shown less percentage of Category II cases (Benign) and higher percentage of Category V and VI cases (Suspicious for malignancy and Malignant). [2, 11, 17, 18] That is biased by the fact that most of the cases referred for surgery are the high-risk cases, i. e. Category V and VI. Furthermore, studies from the Middle East, including our study, have shown high percentage of Category III cases (AUS/FLUS), but interestingly it was lower than studies done in the United States. [3, 11, [17] [18] [19] That tells us that there is no much of difference between how pathologists in the Middle East use TBSRTC compared to their peers in more developed countries, i.e., the United States. All pathologists can face the same difficulties when applying a new system and they have to get used to it with time.
With regard to the risk of malignancy associated with each Bethesda system category on follow-up, higher risks of malignancy in Category I, II, and III have been noted in studies with low number of follow-up cases including our study. [2, 5, 16, 17 ] Surprisingly, our study shows the highest risk of malignancy in the benign category compared to the other studies. Some of these studies show even a higher risk of malignancy in Category III compared to Category IV, which is not consistent with TBSRTC proposal of a sequentially increasing implied risk of malignancy. [2, 5] That might reflect the difficulty that faces pathologists in classifying lesions into either Category III or IV. It might also be related to the increased number of indeterminate FNACs undergoing surgery. [12] At the end, our study is still limited by being a retrospective observational study likewise most of the other published studies. That may account for some of the differences when comparing diagnostic category frequencies and malignancy risks. Prospective studies using the Bethesda System will give a better insight into the usefulness of the proposed nomenclature. In addition, clinicians should always be aware of the malignancy rate in the Bethesda categories in their respective hospitals to improve the management decisions taken regarding patients with thyroid nodules. [20] 
CONCLUSION
The TBSRTC is a very useful standardized system that enhances the diagnostic accuracy of thyroid FNAC and improves the quality of reporting by decreasing the diagnostic discrepancies, facilitates the diagnostic correlation with the histopathological excisions, and leads to more consistency in management plans. [21] [22] [23] 
